Galactosiemia
Galactosemia is due to an inborn error of carbohydrate metabolism, transmitted by inheritance as an autosomal recessive condition; it is characterized by a specific inability to convert galactose to glucose. The biochemical defect has been fully worked out during the past decade following the basic work of Leloir (Leloir 1951 , Leloir & Cardini 1953 and Kalckar (Kalckar et al. 1953 , Kalckar et al. 1956 ) in defining the normal pathway of conversion of galactose to glucose. At least three distinct steps, each catalysed by a separate enzyme, are required to enable galactose to enter the main stream of carbohydrate metabolism.
Reaction A: In the first reaction galactose is phosphorylated to galactose-l-phosphate (gal-l-P): It is important to note that this enzyme catalyses a reversible reaction allowing the formation of UDPgalactose from UDPglucose which in its turn can be formed from glucose-l-phosphate. It is evident that dietary galactose is not essential for the formation of UDPgalactose and that the synthesis of galacto-lipids can proceed via the epimerase reaction in individuals placed on a galactose-free diet ).
UDPglucose is synthesized from glucose-iphosphate by means of an enzyme UDPglucose pyrophosphorylase, the reaction is reversible and requires uridine triphosphate (UTP). Pyrophosphate (PP) is formed as a product of the reaction:
This enzyme is found in liver, red cells, brain and muscle. In like manner there is a pyrophosphylase enzyme found in liver and brain which will convert galactose-1-phosphate to UDPgal. This is an alternative but less efficient pathway described by Isselbacher (1959) .
A study of the genetics of this disorder has been made in a number of centres (Donnell et al. 1960 , Hsia et al. 1960 , Kirkman & Bynum 1959 , Schwarz et al. 1961 ) using either a method based on the original UDPG consumption technique of Kalckar or a manometric method measuring oxygen uptake in a system containing Gal-l-P measured as a percentage of the uptake in a similar system but with G-1-P substitution.
This work has established the autosomal recessive character of inheritance but the incidence of the disorder and the carrier rate are still matters of argument varying from 1 to 70,000 with a gene frequency of 1 in 268 (Schwarz et al. 1961) to 1 in 17,500 with a gene frequency of 1 in 130 (Beutler et al. 1965) .
In 1955 the accumulation of galactose-1-phosphate was demonstrated in the red cells of galactosovmic children, both in vivo and also in vitro when the cells were incubated in a galactose medium (Schwarz et al. 1956 ). At that time this technique was used as a diagnostic test for galactosemia and Schwarz et al. (1956) then demonstrated the impaired oxygen uptake of galactosermic red cells when in a medium of glucose and galactose as compared with a medium of glucose alone.
These were very significant observations as, in the first instance, they indicated very clearly that the block in the biochemical reaction was between galactose-l-phosphate and glucose-lphosphate. Secondly they suggested that the accumulation of galactose phosphate in the red cells may have influenced the change in the oxygen uptake, due to some impairment of cellular metabolism. It was next shown that the accumulation of galactose phosphate does take place in many situations, for example, the liver, the kidney, the lens of the eye, the heart muscle and even in some gallstones that were removed from an affected infant. Finally it was demonstrated that there was an accumulation of this intermediate substance in the cerebral cortex (Schwarz 1960) . It was then suggested that the intracellular galactose-l-phosphate disturbed cell respiration. by inhibiting phosphoglucomutase (Sidbury 1961) and that treatment should be directed first to reducing dietary galactose to a minimum and secondly to keeping the tissue level of galactose-lphosphate to a low level. This experience was paralleled by those of other workers, for example, Donnell et al. (1963) much improved in general health, but her spleen is still enlarged and hard and it is thought that the cirrhosis was activated either by a virus hepatitis or an autoimmune reaction, which is known to occur in cases of cirrhosis. The consensus of opinion is that the cirrhosis started in utero or very early infancy and when these various pieces of information are considered, they add up like the sum of circumstantial evidence to make a strong case for an intrauterine disturbance due to small amounts of galactose crossing the placenta from the mother to the child. Apart from these two sad examples the general physical progress of the children has been satisfactory.
Thirteen children about whom we have a reasonable amount of information have been seen at very regular intervals during the past few years. On the physical side they are thin, wiry children, usually below the 50th percentile both in height and weight. Some have had cataracts with a disappearance of this disability, but in one child the cataract remnant has recently increased in size and this seems to relate to a break in his diet when he reached the age of 11 years and was more difficult to control.
When the mental status of these children was assessed three of them had a very low IQ score. All these children were diagnosed late and in 2 instances were not treated satisfactorily after the diagnosis was made. These figures are easy to understand, this is what everyone has expected and experienced. Of the remaining 10, there are only 2 children with scores above 100. The girl mentioned who has cirrhosis, and a second child, a boy now 9 years old who was diagnosed at 8 weeks of age and whose case was complicated by the fact that he was born of a rhesus-negative mother with antibodies who had been predicted as being moderately severely affected. As the result of the appropriate positive clinical findings an exchange transfusion was carried out. However, the jaundice persisted and on further investigation galactosemia was suspected and then confirmed. His progress has been very satisfactory, although he does show slight inco-ordination, which is attributed to the height of the jaundice that he sustained shortly after birth with resultant central nervous system involvement. The other children have lQs varying between 65 and 90 and in this group are the 2 children who were diagnosed at birth and never fed milk and whose dietary control has been very satisfactory. Their IQs range around 75. Twenty-three siblings have been examined and on a simplified test their intelligence was certainly higher than those of their affected brothers and sisters and they seemed to show the average scatter of the population. The IQs of the parents appear to be higher than those of their affected children.
On psychological testing of these children there was evidence of clumsiness, poor co-ordination and restlessness, in several a poor comparative ability in arithmetic or number and some visualperceptual limitations. They often were timid and fearful in their interpersonal contacts and one of the children showed evidence of considerable psychological disturbance and needed special treatment and care as she grew up. This has been the experience of other workers (Donnell et al. 1961 . Fishler et al. 1966 .
EEG examinations were carried out on 13 children; in 10 cases the results were within normal limits; in 3, the very backward children, they were abnormal, 2 showing very definite epileptic foci and the third a considerable degree of dysrhythmia.
As a result galactose has been restricted in all pregnant women who previously have given birth to a galactosemic child; certainly not more than 200 ml of milk a day has been allowed and as far as possible milk has been avoided during the pregnancy. Calcium and adequate vitamin intake should be given to counterbalance any deficiencies that may arise as a result of this regime. Unfortunately it is not possible to influence the lactose the mother herself will manufacture during the latter weeks of her pregnancy, which may cross the placenta. One is therefore confronted with a situation in which the feetus in utero is likely to suffer some exposure to galactose with the chance of brain and tissue damage and although one can, with early diagnosis and good dietary control maintain satisfactory physical development and avoid appreciable retardation, one must not expect too much in respect of mental development. In this context the possibility of inducing labour in the 38th week of the pregnancy should be considered.
Finally -can the diet be stopped with any degree of confidence? It is doubtful whether these individuals really acquire an increased tolerance for galactose as they grow older; they will consume a smaller amount per unit of body weight, there probably is a reduced tissue sensitivity and there are two possible subsidiary pathways, the pyrophosphorylase and the galactose-6-phosphate route to the hexose monophosphate shunt (Inouye et al. 1962) . Nevertheless, one is uncertain whether or not the increased tissue concentration of galactose phosphate resulting from galactose ingestion will produce damage to liver, kidney and lens of the eye in later years and it would seem preferable that these patients maintain a galactose low diet provided this regime does not itself give rise to any psychological disturbance.
